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Description 

FIELD OF THE INVENTION 

5 This invention relates to a process for producing an a-hydroxy acid or an a-hydroxyamide by a microorganism. In 

partlculan optically active a-hydroxyamides and a-hydroxy acids are industrially valuable as starting materials for syn- 
thesizing various drugs, agricultural chemicals, etc. 

BACKGROUND OF THE INVENTION 

10 

Examples of known processes lor producing a-hydroxy acids by microorganisms include those which use micro- 
organisms belonging to the genera Alcaligenes, Pseudomonas, Rhodopseudomonas, Corynebacterium, Acineto- 
bacter, Bacillus, Mycobacterium, Rhodococcus, Candida, Nocardia, etc. (JP-A-2-841 98, JP-A-3-224496, JP-A- 
3-277292, etc.; the term "JP-A" as used herein means an "unexamined published Japanese patent application") and 

15 those which use microorganisms belonging to the genera Nocardia, Bacillus, Brevibacterium, Aureobacterium, Pseu- 
domonas, Caseobacter, Alcaligenes, Acinetobacter, Enterobacter, Arthrobacter, Escherichia, Micrococcus, Strepto- 
myces, Flavobacterium, Aeromonas, Mycoplana, Cellulomonas, Erwinia, Candida, Bacteridium, Aspergillus, Penicil- 
lium, Cochliobolus, Fusarium, Rhodopseudomonas, Rhodococcus, Corynebacterium, Microbacterium, Obsumbacte- 
rium, Gordona, etc. (JP-A-4-99495, JP-A-4-99496 and JP-A-4-218385 corresponding to U.S. Patent 5,223.416; JP- 

20 A-4-99497 corresponding to U.S. Patent 5,234,826; JP-A-5-95795 corresponding to U.S. Patent 5,296,373; JP-A- 
5-21987; JP-A-5-192189 corresponding to U.S. Patent 5,326,702; JP-A-6-237789 corresponding to EP-A-0610048; 
JP-A-6-284899 corresponding to EP-A-0610049; JP-A-7-213296 corresponding to U.S. Patent 5,508,181; etc.). 

On the other hand, examples of known processes for producing a-hydroxyamides by microorganisms include 
those which use microorganisms belonging to the genera Rhodococcus, Corynebacterium, Pseudomonas, Arthro- 

25 bacter, Alcaligenes, Bacillus, Bacteridium, Micrococcus, Brevibacterium, Nocardia, etc. (JP-A-4-222591; JP-A- 
5-192189 corresponding to U.S. Patent 5,326,702; JP-A-7-213296 corresponding to U.S. Patent 5,508,181; etc.). 

When an a-hydroxynitrile is enzymaticaily hydrolyzed or hydrated using nitrilase or nitrile hydratase to produce an 
a-hydroxy acid or an a-hydroxyamide, a problem occurs in that the enzyme is inactivated within a short period of time. 
It is therefore difficult to obtain the a-hydroxy acid or a-hydroxyamide in high concentration and high yield. 

30 When an aldehyde and prussic acid, which are economically preferred to a-hydroxynitrile, are employed as the 

starting materials, another problem occurs in that the reaction rate is lowered with an increase in the concentration of 
the a-hydroxy acid or a-hydroxyamide product in the reaction mixture. As a result, the reaction does not proceed to 
completion. 

The present inventors have conducted extensive studies in order to solve these problems. As a result, the present 
35 inventors discovered that enzyme inactivatlon can be suppressed when an a-hydroxy acid or a-hydroxyamide repre- 
sented by the following formula (3) is produced from a corresponding aldehyde represented by the following formula 
(1) and prussic acid or a corresponding a-hydroxynitrile represented by the following formula (2) by measuring the 
aldehyde concentration and/or the a-hydroxynitrile concentration in the reaction mixture and by maintaining the alde- 
hyde concentration and/or the a-hydroxynitrile concentration in the reaction system within a predetermined range. 
^0 Thus, a-hydroxy acid or a-hydroxyamide in high concentration can be produced in high yield. The present inventors 
furthermore discovered that enzyme inactlvation can be suppressed when an a-hydroxy acid or an a-hydroxyamide 
represented by the following formula (3) is produced from a corresponding aldehyde represented by the following 
formula (1 ) and prussic acid by measuring the cyanogen concentration in the reaction mixture and by supplying prussic 
acid to the reaction mixture in such manner so as to maintain the cyanogen concentration within a predetermined range 
45 and by supplying the aldehyde to the reaction mixture at a predetermined ratio to the prussic acid. Thus, a-hydroxy 
acid or a-hydroxyamide can be produced In high concentration and in high yield. The present invention has been 
completed based on these findings. 

SUMMARY OF THE INVENTION 

so 

Accordingly, the present invention provides a process for producing an a-hydroxy acid or an a-hydroxyamide which 
comprises treating an aldehyde represented by the following formula (1) and prussic acid or an a-hydroxynitrile rep- 
resented by the following formula (2) with a microorganism or processed product thereof having nitrilase or nitrile 
hydratase activity in an aqueous medium to thereby provide a reaction mixture containing a conresponding a-hydroxy 
55 acid or a-hydroxyamide represented by the following formula (3), and maintaining the aldehyde concentration and/or 
the a-hydroxynitrile concentration In the reaction mixture within a predetermined range. In a preferred embodiment, 
the invention further comprises measuring the aldehyde concentration and/or the a-hydroxynitrile concentration in the 
reaction mixture, and continuously and/or intermittently supplying the aldehyde and prussic acid or the a-hydroxynitrile 
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to the reaction mixture in such manner so as to maintain at least one of the aldehyde concentration and the a-hydrox- 
ynitrile concentration within a predetermined range. The present invention also provides a process for producing an 
a-hydroxy acid or an a-hydroxyamide represented by the lollowing formula (3) from an aldehyde represented by the 
above formula (1) and prussic acid with a microorganism or processed product thereof having nitrllase or nitrile hy- 

5 dratase activity in an aqueous medium, which comprises maintaining the cyanogen concentration in the reaction mixture 
within a predetermined range, and supplying the aldehyde to the reaction mixture in an amount of from 0.98 to 1.05 
mol per mol of prussic acid. In a preferred embodiment, the invention further comprises measuring the cyanogen 
concentration in the reaction mixture and continuously and/or intermittently supplying prussic acid in such manner so 
as to maintain the cyanogen concentration within a predetermined range. 

10 Formulae (1 ) to (3) are defined below: 




20 wherein R represents a substituted or unsubstituted alkyi group, a substituted or unsubstituted alkenyl group, a sub- 
stituted or unsubstituted cyctoalkyi group, a substituted or unsubstituted aryl group, or a substituted or unsubstituted, 
saturated or unsaturated heterocyclic group; and X represents an amido group or a carboxyl group. 

DETAILED DESCRIPTION OF THE INVENTION 

25 

In the present invention, the aldehyde, prussic acid a-hydroxynitrile and sulfite ion, which sulfite ion is added if 
needed, are in an equilibrium state and react with each other in the reaction mixture. Thus it is difficult to determine 
the actual concentrations of these substances. Accordingly, the apparent concentration (s) of the aldehyde and/or a- 
hydroxynitrite in the reaction mixture are determined. More particularly, the reaction mixture during the course of the 

30 reaction is sampled and. if necessary, diluted and subjected to solid-liquid separation followed by an analysis of the 
solution thus obtained. Although it is preferable to employ liquid chromatography for this analysis, gas chromatography 
can also be used. The aldehyde or a-hydroxynitrile is supplied to the reaction mixture in such manner so as to regulate 
(control) the aldehyde concentration and/or the a-hydroxynltrile concentration in the reaction mixture generally within 
a concentration range of from 0.01 to 1,000 mM, preferably from 0.05 to 200 mM, and still more preferably from 1 to 

35 50 mM. In the last step of the reaction, the supply of the aldehyde or a-hydroxynitrile is discontinued to thereby lower 
the aldehyde concentration and/or the a-hydroxynitrile concentration in the reaction mixture. 

When an aldehyde and prussic acid are employed as starting materials, it is also possible to measure the cyan 
ion concentration to thereby control the supply of the prussic acid and aldehyde. The concentration of cyanogen in the 
reaction mixture can be detemnined using a cyan ion sensor, an infrared gas analyzer, a semiconductor gas sensor, 

40 etc. Prussic acid is supplied to the reaction mixture in such manner so as to control the cyanogen concentration in the 
reaction mixture within a-predetermined range, generally from 0.01 to 300 mM, preferably from 0.1 to 100 mM, and 
more preferably from 1 to 50 mM. In the present invention, the expression "cyanogen concentration in the reaction 
mixture" means the sum of the concentrations of paissic acid and cyan ion contained therein. Furthermore, the aldehyde 
is supplied to the reaction mixture at a ratio of from 0.98 to 1.05 mol, preferably from 0.99 to 1 .03 mol, per mol of prussic 

45 acid. In the last step of the reaction, the supply of the aldehyde is discontinued, and prussic acid is supplied alone if 
necessary so as to lower the concentration of the aldehyde in the reaction mixture. 

As used and claimed herein, it is to be understood that "supplying prussic acid to the reaction mixture** includes 
supplying a cyanide salt or solution thereof to the reactor such as a sodium cyanide solution. 

When the cyanogen concentration in the reaction mixture is determined using a cyan ion sensor, the short life of 

50 the cyanogen sensor can be prolonged by diluting the reaction mixture with an aqueous medium. When an infrared 
gas analyzer or a semiconductor gas sensor is employed therefor, this measurement can be carried out by detemriining 
the prussic acid gas concentration In the gas which contacts the reaction mixture. 

In general, aldehydes bind to proteins and thus inactivate enzymes. Therefore, the present inventors expect that 
the method of regulating the effect of inhibiting an enzyme, which comprises measuring the aldehyde concentration 

55 and/or the a-hydroxynitrile concentration or the cyanogen concentration in the reaction mixture and controlling the 
aldehyde concentration and/or the a-hydroxynitrile concentration in the reaction mixture to within a predetermined 
range, is applicable as a rule to all microbial reactions in which aldehydes participate. Therefore, the microorganism 
for use in the process of the present invention for producing an acid or an amide from an aldehyde, prussic acid and 
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a-hydroxynitrile is not particularly limited, so long as it is capable of forming the acid or amide (i.e., having nitrilase or 
nitrile hydratase activity). 

Examples of microorganisms which are useful in the present invention include those belonging to the genera 
Pseudomonas, Alcaligenes, Acinetobacter, Caseobacter, Corynehactehum, Brevibacterium, Nocardia, Rhodococcus, 
5 Gordona, Arthrobacter, Bacillus, Aureobacterium, Enierobacter, Escherichia, Micrcoccus, Streptomyces, Flavobacte- 
rium, Aeromonas, Mycopiana, Cellulomonas, Erwinia, Candida, Bacteridium, Aspergillus, Penicillium, Cochliobolus, 
Fusarium, Rhodopseudomonas, etc. 

More particularly, for example, the following microorganisms are useful in the present invention, wherein PERM 
denotes the Fermentation Research Institute, Pseudomonas sp. BC13-2 (PERM BP-3319), BC15-2 (PERM BP-3320). 
10 SK13 (PERM BP-3325), SK31 (PERM P-11310) and SK87 (PERM P-11311), Pseudomonas synxanta I AM 12356. 
Alcaligenes sp. BC12-2 (PERM P-11263), BC20 (PERM P-11264) and BC35-2 (PERM BP-3318), Acinetobacter sp. 
BC9-2 (PERM BP-3317), Caseobactersp. BC4 (PERM BP-3316) and BC23 (PERM P-11261), Corynebacterium nl- 
trUophilus fiJCC 21419, Brevibacten'um acetylicumlAhA 1790, Brevibacterium helvolum ATCC 11822, Nocardia sp. N- 
775 (PERM P-4447), Nocardia asteroides IPO 3384, Nocardia calcarea KCCA 0191, Nocardia polychromogenes IPM 
IS 19, Rhodococcus sp. SK70 (PERM P-11304), SK92 (PERM BP-3324) and HR11 (PERM P-11306), Rhodococcus rho- 
dochrous ATCC 12674, ATCC 19140 and ATCC 33258, Rhodococcus erythropolis IPM 155, IPO 12320, IPO 12538 
and IPO 12540, Gordona terrae, MA-1 (PERM BP-4535), Arthrobacter sp. SK103 (PERM P-11300), HR1 (PERM BP- 
3323) and HR4 (PE RM P-1 1 302), Arthrobacter oxydans I P0 1 21 38, Bacillus subtilis ATCC 21 697, Bacillus iicheniformis 
IPO 12197, Bacillus megaterium ATCC 25833, Aureobacterium testaceumlAWi 1561, Enterobacter sp. SK12 (PERM 
20 BP -3322), Escherichia coli \fO 3301 , Micrococcus luteus ATCC 383, Micrcoccus varians I AM 1099, Micrococcus ro- 
seus IPO 3768; Streptomyces griseus IPO 3355, Flavobacterium sp. SKI 50 (PERM P-1 1645), Flavobacterium Haves- 
C0/1S ATCC 8315, /\eromonas puncfafalFO 13288, Mycopiana dimorpha ATCC 4297 , Cellulomonas fimi\Ayi 12107. 
Erwinia herbicota IPO 12686 and Candida guilHermondii \fO 0566. 

These microorganisms'are respectively described in the above-cited patent publications. 
25 On the other hand, examples of useful microorganisms in the present invention having nitrile hydratase activity 

include those belonging to the genera Rhodococcus, Corynebacterium, Pseudomonas, Arthrobacter, Alcaligenes, Ba- 
cillus, Bacteridium, Micrococcus, Brevibacterium and Nocardia. 

More particularly, for example, the following microorganisms are useful in the present invention. 
Rhodococcus sp. HT40-6 (PERM BP -5231), Rhodococcus rhodochrous ATCC 33278, Rhodococcus erythropolis 
30 IPO 12320, Corynebacterium nitrilophiius ATCC 21419, Pseudomonas sp. SK87 (PERM P-11311), Arthrobacter sp. 
HR1 (PERM BP-3323) and Alcaligenes sp. BC16-2 (PERM BP-3321). 

These microorganisms are respectively described in the above-cited patent publications. 
The aldehyde represented by formula (1 ) and the a-hydroxynltrile represented by the fomnula (2) for use in the 
present invention are those wherein R represents a substituted or unsubstituted alkyl (e.g.. C^Cq alkyi) group, a sub- 
35 stituted or unsubstituted alkenyl (e.g.. C2-C3 alkenyl) group, a substituted or unsubstituted cycloalkyi (e.g., cyclohexyl) 
group, a substituted or unsubstituted aryl group (e.g., phenyl), or a substituted or unsubstituted, saturated or unsatu- 
rated heterocyclic (e.g., one ring) group. In the reaction mixture, the aldehyde, prussic acid and a-hydroxynitrile are in 
a dissociated equilibrium state. 

Useful heterocyclic groups represented by R contain at least one heteroatom selected from among nitrogen, ox- 
40 ygen and sulfur atoms. 

Examples of useful substituents for the substituted group represented by R include alkyl, alkoxy, acyl, aryl and 
aryloxy groups, halogen atoms such as chlorine and bromine atoms and hydroxyl, amino, nitro and thiol groups. 

Particular examples of the aldehyde include acetaldehyde, propionaldehyde, n-butylaldehyde, n-pentylaldehyde, 
n-hexylaldehyde, n-heptylaldehyde, p-hydroxy-a,a-dimethylpropionaldehyde, acrolein, 3-phenylacrolein, methacryla- 
^ Idehyde, 2<hloroacetaldehyde, 3-methylthiopropionaldehyde and 2-phenylaldehyde which are optionally substituted. 
Furthermore, aromatic aldehydes and those having heterocyclic rings can also be used such as benzaldehyde, 2-thl- 
ophenaldehyde, 2-pyridinaldehyde, 2-pyrroIaldehyde and 2-furaldehyde which are optionally substituted. As for the 
prussic acid, a cyanide such as sodium cyanide or potassium cyanide can be used. 

Examples of the a-hydroxynitrile include lactonitrile, a-hydroxy-butyronitrile, a-hydroxy-n-pentylonitrile, a-hydroxy- 
50 n-hexy(onitrile, a-hydroxy-n-heptylonitrile, a-hydroxy-n-octylonitrile, a,7^dihydroxy-p,p-dimethylbutyronitriIe, acrolein 
cyanohydrin, 3-phenylacrolein cyanohydrin, methacrylaldehyde cyanohydrin, 3-chlorolactonitrile, 4-methylthio-a-hy- 
droxybutyronitrile and a-hydroxy-a-phenylpropionyl which are optionally substituted. Furthermore, aromatic a-hydrox- 
ynitriles and those having heterocyclic rings can also be used such as mandelonitrile. 2-thiophenaldehyde cyanohydrin, 
2-pyridinaldehyde cyanohydrin, 2-pyrrolaldehyde cyanohydrin and 2-furaldehyde cyanohydrin which are optionally sub- 
55 stituted. 

Enzyme inhibition by the aldehyde is effectively suppressed by adding sulfite ion such as a sulfurous acid salt or 
an acidic sulfurous acid salt. Examples of the salt include sodium, potassium and ammonium salts. The salt may be 
added in an amount of from 1 to 1 .000 mM to the reaction mixture. 
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When a microorganism having a stereospecific nitrilase or nitrile hydratase or a processed product thereof (e.g., 
enzyme, immobilized enzyme, immobilized cell) is employed in the reaction, it is possible to convert at least 50% of 
the aldehyde or a-hydroxynitrile (i.e., at least 50% of the starting material) into one of the optically active substances. 
Thus, an optically active a-hydroxy acid or a-hydroxyamide can be advantageously obtained without having to optically 
5 resolve the product. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The hydrolysis or hydration is performed by contacting a mixture of the aldehyde represented by formula (1) and 
10 prussic acid, or the a-hydroxynitrile represented by formula (2) with a microorganism or a processed product thereof 
(e.g., ground cell, crude enzyme, purified enzyme, immobilized cell, immobilized enzyme) in an aqueous medium such 
as water or a buffer. 

In the present invention, the aldehyde concentration and/or the a-hydroxynitrile concentration or the cyanogen 
concentration in the reaction mixture are measured in this step, and the aldehyde and prussic acid or the a-hydroxynitrile 
^5 are continuously and/or intermittently added thereto so as to maintain the concentrations thereof within a predetermined 
range. 

The aldehyde concentration and/or the a-hydroxynitrile concentration in the reaction mixture are as defined above. 
The microorganism is employed in an amount of from 0.001 to 5.0% by weight on a dry basis based on the substrate. 
The reaction temperature generally ranges from the freezing point to SO^C, preferably from 5 to 30°C. 
20 When the a-hydroxynitrile or aldehyde has an extremely low solubility in the aqueous medium, the reaction can 

be efficiently carried out by adding 0.1 to 5.0% by weight of a surfactant (Triton X-100, Tween 60, etc.), methanol, 
ethanol. dimethyl sulfoxide, etc. 

The a-hydroxy acid or a-hydroxyamide thus obtained may be isolated by treating the reaction mixture, from which 
insoluble matter including the cells has been removed, by procedures well known to those of ordinary skill such as 
2S concentration, ion exchange, electrodialysis, extraction, crystallization, etc. 

To further illustrate the present invention in greater detail, and not by way of limitation, the following Examples are 
given below. 

EXAMPLE 1 

30 

A 50 mM phosphate buffer (pH 8.0) containing 1,000 mM of sodium sulfite was charged into a reactor and the 
temperature was adjusted to 30'*C. Then Gordons terrae MA-1 strain was suspended in this solution so as to obtain 
an 00^30 of 4.2. Then, an aqueous solution of sodium cyanide and benzaldehyde as starting materials were supplied 
to the reactor while controlling the molar ratio thereof to 1 .0 : 1 .0. The cyan ion concentration in the reaction mixture 

55 was measured with a cyan ion detector, and the supply rate of the aqueous solution of sodium cyanide was controlled 
so as to adjust the output of the cyan ion detector to within -220 to -224 mV. In the course of the reaction, the reaction 
mixture was sampled and filtered. The filtrate was diluted 10-fold with water and the benzaldehyde concentration was 
measured by liquid chromatography. Thus, the supply rates of the aqueous solution of sodium cyanide and benzalde- 
hyde were regulated to maintain the benzaldehyde concentration in the reaction mixture within the range of from 10 

40 to15mM. 

After carrying out the reaction for 22 hours, the reacted mixture contained R-mandelic acid in a concentration of 
10.5% and an optical purity of 99.0% ee. The R-mandelic acid concentration and optical purity were determined by 
liquid chromatography. The yield of the R-mandelic acid based on the benzaldehyde supplied to the reactor was 97.0%. 

45 EXAMPLE 2 

The procedure of Example 1 was repeated except for substituting the aqueous solution of sodium cyanide by 
prussic acid. After carrying out the reaction for 22 hours, the reacted mixture contained R-mandelic acid in a concen- 
tration of 1 4.2% and an optical purity of 99.0% ee. The yield of the R-mandelic acid based on the benzaldehyde supplied 
so to the reactor was 97.0%. 

EXAMPLE 3 

A 20 mM phosphate buffer (pH 8.5) was charged to a reactor and the temperature was adjusted to lO'C. Then, 
55 Rhodococcus Bp. HT40-6 strain was suspended in this solution so to provide an ODgao of 4.2. 

After adding benzaldehyde to the reactor and dissolving the same to provide a concentration of 30 mM, benzal- 
dehyde and prussic acid as starting materials were supplied to the reactor in a molar ratio thereof to 1 .0 : 1 .0. The cyan 
ion concentration in the reaction mixture was measured with a cyan ion detector, and the supply rate of the aqueous 
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solution of sodium cyanide was controlled so as to adjust the output of the cyan ion detector to within -1 45 to -150 mV 
During the course of the reaction^ the reaction mixture was sampled and filtered. The filtrate was diluted 10-fold with 
water and the benzaldehyde concentration was measured by liquid chromatography. Thus, the supply rates of the 
aqueous solution of sodium cyanide and benzaldehyde were regulated to thereby maintain the benzaldehyde concen- 
5 tration in the reaction mixture within the range of from 35 to 40 mM. 

After carrying out the reaction for 66 hours, the reacted mixture contained mandelamide in a concentration of 32% 
and an optical purity (S-mandelamide) of 77% ee. The yield of the mandelamide based on the benzaldehyde supplied 
to the reactor was 95%. Mandelamide was crystallized from the reacted mixture. 

10 EXAMPLE 4 

A 50 mM phosphate buffer (pH 8.0) containing 100 mM of sodium sulfite was charged to a reactor and the tem- 
perature was adjusted to 30*0. Then Gordona terrae MA-1 strain was suspended in this solution so as to provide an 
ODeao 4.2. Then, mandelonitrile employed as a starting material was supplied to the reactor at a predetermined 
'5 rate. During the course of the reaction, the reaction mixture was sampled and filtered. The filtrate was diluted 10-fold 
with water and the benzaldehyde concentration was measured by liquid chromatography. Thus, the flow rate of the 
mandelonitrile was regulated to thereby maintain the benzaldehyde concentration in the reaction mixture within the 
range of from 10 to 1 5 mM. 

After carrying out the reaction for 22 hours, the reacted mixture contained R-mandelic acid in a concentration of 
20 12.5% and an optical purity of 77% ee. The yield of the R-mandelic acid based on the benzaldehyde supplied to the 
reactor was 95%. 

COMPARATIVE EXAMPLE 1 

2S A 50 mM phosphate buffer (pH 8.0) containing 100 mM of sodium sulfite was charged to a reactor and the tem- 

perature was adjusted to SO'C. Then Gordona terrae MA-1 strain was suspended in this solution so as to provide an 
0De3Q of 4.2. Then, an aqueous solution of sodium cyanide and benzaldehyde as starting materials were supplied in 
a molar ratio of 1.0 : 1.0. The cyan ion concentration in the reaction mixture was measured with a cyan Ion detector, 
and the supply rate of the aqueous solution of sodium cyanide was controlled so as to adjust the output of the cyan 

30 ion detector to within -220 to -224 mV 

After carrying out the reaction for 22 hours, the reacted mixture contained R-mandelic acid in a concentration of 
5.0% and an optical purity of 97% ee. The yield of the R-mandelic acid based on the benzaldehyde supplied to the 
reactor was 93%. 

35 EXAMPLE 5 

A 50 mM phosphate buffer (pH 8.0) containing 100 mM of sodium sulfite was charged to a reactor and the tem- 
perature was adjusted to 30°C. Then, Gordona terraeMA•^ strain was suspended in this solution so as to provide an 
ODego 4.2. Then, an aqueous solution of sodium cyanide and benzaldehyde employed as starting materials were 
40 supplied in a molar ratio of 1.0 : 0.98. The cyan ion concentration in the reaction mixture was measured with a cyan 
ion detector, and the supply rate of the aqueous solution of sodium cyanide was controlled so as to adjust the output 
of the cyan ion detector to within -220 to -224 mV In this case, the cyanogen concentration in the reaction mixture was 
regulated within the range of from 20 to 22 mM. 

After carrying out the reaction for 22 hours, the supply of benzaldehyde was discontinued while the supply of the 
45 aqueous solution of sodium cyanide was continued. Table 1 shows the results of the reaction performed for 30 hours. 

EXAMPLES 6 TO 10 

The procedure of Example 5 was repeated except for controlling the molar ratio of the aqueous solution of sodium 
so cyanide and benzaldehyde starting materials as specified in Table 1 . Table 1 shows the results of the reaction performed 
for 30 hours. 

EXAMPLE 11 

55 The procedure of Example 5 was repeated except for substituting prussic acid for the aqueous solution of sodium 

cyanide acid and controlling the molar ratio of prussic acid to benzaldehyde to 1 .00 : 1 .00. After carrying out the reaction 
for 30 hours, the reacted mixture contained R-mandelic acid in a concentration of 14.5% and an optical purity of 99.0% 
ee. The yield of the R-mandelic acid based on the benzaldehyde supplied to the reactor was 97.8%. 
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EXAMPLE 12 

A 20 mM phosphate buffer (pH 8.5) was charged to a reactor and the temperature was adjusted to lO^C. Then. 
Rhodococcus sp. HT40-6 strain was suspended in this solution so as to provide an ODgso of 4.2. 

5 After adding benzaldehyde thereto and dissolving the same so as to provide a concentration of 30 mM, prussic 

acid and benzaldehyde starting materials were supplied to the reactor while controlling the molar ratio thereof to 1 .0 : 
1 .02. The cyan ion concentration in the reaction mixture was measured with a cyan ion detector, and the supply rate 
of the aqueous solution of sodium cyanide was controlled so as to adjust the output of the cyan ion detector to within 
-145 to -150 mV. In this case, the cyanogen concentration in the reaction mixture was controlled to within the range of 

10 from 18 to 20 mM. After carrying out the reaction for 66 hours, the reacted mixture contained mandelamide in a con- 
centration of 33% and an optical purity (S-mandelamide) of 77% ee. The yield of the mandelamide based on the 
benzaldehyde supplied to the reactor was 95%. Mandelamide was crystallized from the reacted mixture. 

COMPARATIVE EXAMPLE 2 

IS 

A 50 mM phosphate buffer (pH 8.0) containing 100 mM of sodium sulfite was charged to a reactor and the tem- 
perature was adjusted to 30*C. Then Gordona terrae MA-1 strain was suspended in this solution so as to provide an 
OD630 of 4.2. Then, an aqueous solution of sodium cyanide and benzaldehyde starting materials were supplied in a 
molar ratio thereof to 1.0 : 0.97. The cyan ion concentration in the reaction mixture was measured with a cyan ion 
20 detector, and the supply rate of the aqueous solution of sodium cyanide was controlled so as to adjust the output of 
the cyan ion detector to within -220 to -224 mV. After carrying out the reaction for 22 hours, the supply of the benzal- 
dehyde was discontinued while the supply of the aqueous solution of sodium cyanide was continued. Table 1 shows 
the results of the reaction performed for 30 hours. 

2S COMPARATIVE EXAMPLE 3 

The procedure of Comparative Example 2 was repeated, except for controlling the molar ratio of the aqueous 
solution of sodium cyanide and benzaldehyde employed as starting materials to 1.00 : 1 .06. Table 1 shows the results 
of the reaction performed for 30 hours. 
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In accordance with the present invention, an a-hydroxynitrile can be hydrolyzed or hydrated while maintaining the 
aldehyde concentration, which is one of the factors inhibiting the enzyme, at a continuously low level during the reaction. 
Thus, the enzymatic activity can be sustained In a stable slate for a prolonged period of time. This makes it possible 
to accumulate the acid or amide product In a high concentration. 
5 While the invention has been described in detail and with reference to specific embodiments thereof, it will be 

apparent to one skilled in the art that various changes and modifications can be made therein without departing from 
the spirit and scope thereof. 



10 Claims 



1 . A process for producing an a-hydroxy acid or an a-hydroxyamide by a microorganism or processed product thereof 
having nitrilase or nitrile hydratase activity, which comprises treating an aldehyde represented by the following 
formula (1 ) and prussic acid or an a-hydroxynitrtle represented by the following formula (2) with the microorganism 
'5 in an aqueous medium to thereby provide a reaction mixture containing the corresponding a-hydroxy acid or a- 

hydroxyamide represented by the following formula (3), and maintaining at least one o1 the aldehyde concentration 
and the a-hydroxynilrile concentration in the reaction mixture within a predetermined range: 



20 



25 



R-CHO 



(1) 





wherein R represents a substituted or unsubstituted alkyi group, a substituted or unsubstiluted alkenyl group, a 
substituted or unsubstituted cycloalkyi group, a substituted or unsubstituted aryl group, or a substituted or unsatu- 
rated, saturated or unsaturated heterocyclic group; and X represents an amido group or a carboxyl group. 

30 

2. A process for producing an a-hydroxy acid or an a-hydroxyamide by a microorganism as claimed in Claim 1 , which 
comprises measuring at least one of the aldehyde concentration and the a-hydroxynitrile concentration in the 
reaction mixture by liquid chromatography. 



55 3. The process for producing an a-hydroxy acid or an a-hydroxyamide by a microorganism as claimed in Claim 1 , 
which further comprises measuring at least one of the aldehyde concentration and the a-hydroxynitrile concentra- 
tion in said reaction mixture and continuously and/or intermittently supplying the aldehyde and prussic acid or the 
a-hydroxynitrile to the reaction mixture in such manner so as to maintain at least one of the aldehyde concentration 
and the a-hydroxynitrile concentration in the reaction mixture within a predetermined range. 

40 

4. The process for producing an a-hydroxy acid or an a-hydroxyamide by a microorganism as claimed in Claim 3, 
wherein said supplying step comprises supplying an aqueous cyanide salt solution to the reaction mixture and 
regulating the supply rates of the aldehyde and the aqueous cyanide salt solution to the reaction mixture so as to 
maintain at least one of the aldehyde concentration and the a-hydroxynitrile concentration within a predetermined 

45 range. 

5. The process for producing an a-hydroxy acid or an a-hydroxyamide by a microorganism as claimed in Claim 3, 
wherein said supplying step comprises regulating the supply rate of the a-hydroxynitrile to the reaction mixture so 
as to maintain at least one of the aldehyde concentration and the a-hydroxynitrile concentration in the reaction 

50 mixture within a predetermined range. 

6. A process for producing an a-hydroxy acid or an a-hydroxyamide by a microorganism as claimed in Claim 1 , which 
comprises maintaining at least one of the aldehyde concentration and the a-hydroxynitrile concentration in the 
reaction mixture within a range of from 0.01 to 1 ,000 mM. 

55 

7. The process for producing an a-hydroxy acid or an a-hydroxyamide by a microorganism as claimed in Claim 1, 
which comprises maintaining at least one of the aldehyde concentration and the a-hydroxynitrile concentration in 
the reaction mixture within a range of from 0.05 to 200 mM. 
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8. The process for producing an a-hydroxy acid or an a-hydroxyamide by a microorganism as claimed In Claim 1 , 
which comprises maintaining at least one of the aldehyde concentration and the a-hydroxynitrile concentration in 
the reaction mixture within a range of from 1 to 50 mM. 

9. The process for producing an a-hydroxy acid or an a-hydroxyamide by a microorganism as claimed in Claim 1, 
which comprises maintaining the aldehyde concentration in the reaction mixture within a range of from 1 to 50 mM. 

10. The process tor producing an a-hydroxy acid or an a-hydroxyamide by a microorganism as claimed in Claim 1 , 
wherein the reaction mixture contains sulfite ion. 

11. The process tor producing an a-hydroxy acid or an a-hydroxyamide by a microorganism as claimed in Claim 1, 
wherein said microorganism processed product comprises one of a ground cell, a crude enzyme, a purified enzyme, 
an immobilized cell and an immobilized enzyme. 

^5 1 2. A process tor producing an a-hydroxy acid or an a-hydroxyamide by a microorganism or processed product thereof 
having nitrilase or nitrile hydratase activity, which comprises treating an aldehyde represented by formula (1) and 
prussic acid with the microorganism in an aqueous medium to thereby provide a reaction mixture containing the 
corresponding a-hydroxy acid or a-hydroxyamide represented by formula (3), maintaining the cyanogen concen- 
tration in the reaction mixture within a predetermined range and supplying the aldehyde to the reaction mixture in 

20 an amount of from 0.98 to 1 .05 mol per mol of prussic acid: 



10 



25 



R-CHO 



(1) 




30 wherein R represents a substituted or unsubstituted alkyi group, a substituted or unsubstituted alkenyl group, a 

substituted or unsubstituted cycloalkyi group, a substituted or unsubstituted aryl groups or a substituted or unsatu- 
rated, saturated or unsaturated heterocyclic group; and X represents an amido group or a carboxyl group. 

13. The process for producing an a-hydroxy acid or an a-hydroxyamide by a microorganism as claimed in Claim 12, 
55 wherein said supplying step further comprises measuring the cyanogen concentration in said reaction mixture and 

continuously and/or intermittently supplying prussic acid to the reaction mixture in such manner so as to maintain 
the cyanogen concentration in the reaction mixture within a predetermined range. 

14. The process for producing an a-hydroxy acid or an a-hydroxyamlde by a microorganism as claimed in Claim 13, 
40 wherein said supplying step comprises supplying an aqueous cyanide salt solution to the reaction mixture and 

regulating the supply rate of the aqueous cyanide salt solution so as to maintain the cyanogen concentration in 
the reaction mixture within a predetermined range. 

15. A process for producing an a-hydroxy acid or an a-hydroxyamide by a microorganism as claimed in Claim 12, 
45 which comprises maintaining the cyanogen concentration in the reaction mixture within a range of from 0.01 to 

300 mM. 

16. The process for producing an a-hydroxy acid or an a-hydroxyamide by a microorganism as claimed In Claim 12, 
which comprises maintaining the cyanogen concentration in the reaction mixture within a range of from 0.1 to 100 

50 mM. 

17. The process for producing an a-hydroxy acid or an a-hydroxyamide by a microorganism as claimed in Claim 12, 
which comprises maintaining the cyanogen concentration in the reaction mixture within a range of from 1 to 50 mM. 

55 18. The process for producing an a-hydroxy acid or an a-hydroxyamide by a microorganism as claimed in Claim 12, 
wherein the reaction mixture contains sulfite ion. 

19. The process tor producing an a-hydroxy acid or an a-hydroxyamide by a microorganism as claimed in Claim 12, 



10 



EP 0 773 297 A2 



wherein said microorganism processed product comprises one of a ground cell, a crude enzyme, a purified enzyme, 
an immobilized cell and an immobilized enzyme. 
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